chromans were synthesized using a Ritter reaction between cis-2-(polyfluoroalkyl)chroman-4-ols and various nitriles.
Introduction
The biological activity of many of the naturally occurring compounds which incorporate a chroman ring system has resulted in several applications of chromans of various levels of saturation and oxidation in synthesis.
1 Furthermore, they have considerable biological importance, especially as potentially useful pesticides 2 and drug candidates in the field of potassium channel openers. 3 On the other hand, the polyfluoroalkyl groups are highly important substituents in the field of organic chemistry. The introduction of these groups into organic molecules can bring about some remarkable changes in the physical properties, chemical reactivity, and biological activity of the derived fluorinated compounds. 4 In particular, due to the powerful electron-withdrawing ability of polyfluoroalkyl substituents 2-R F -chromones, 5 3-R F CO-chromones 6 and 3-nitro-2-R F -chromenes 7 have attracted our attention as highly reactive compounds, which can serve as the starting substances in the synthesis of a whole series of heterocycles with interesting properties. However, to the best of our knowledge, very little is known about the synthesis and properties of partially fluorinated chroman derivatives. We have recently shown that the reaction of 2-R F -chromones with CF 3 SiMe 3 proceeded as a 1,4-addition and provided an access to 2,2-bis(polyfluoroalkyl)chroman-4-ones and their derivatives. 8 Earlier 2,2-bis(trifluoromethyl)-6-nitrochroman-4-one, which is a key structural element of the fluorinated analogues of an important class of potassium channel openers, benzopyran-4-amide derivatives, was prepared by treating 2-fluoro-5-nitroacetophenone with hexafluoroacetone trihydrate. 9 Also, 2,2,6-tris(trifluoromethyl)-2H-chromene, a key intermediate for the preparation of the fluorinated analogues of cromakalim, a highly potent antihypertensive drug, 10 and 6,7-dimethoxy-2-methyl-2-(trifluoromethyl)-2H-chromene, a trifluoromethyl analogue of the natural insect antijuvenile hormone precocene II, 11 were described. There has been only one paper on the synthesis of chroman-4-one with a trifluoromethyl group at the 2 position. 12 In view of the unique biological properties displayed by chromans 13 on one hand and by many CF 3 -containing heterocycles 4 on the other hand, it was of interest to obtain novel fluorine-containing chroman derivatives from 2-R F -chromones.
Results and Discussion
Chromones and chromanones can be reduced with different reagents but also undergo ring opening, hydrogenolysis and other side reactions which lower the yields of chroman-4-ols.
14 Attempted reduction of chromones using hydride donors such as NaBH 4 or hydrogenation using noble metal catalysts has been reported to lead to complex mixtures from over-reduction. 15 We found that 2-R F -chromones 1a-c smoothly reacted with sodium borohydride in methanol to afford cis-2-(polyfluoroalkyl)chroman-4-ols 2a-c in good yields (65-83%). The corresponding chromanone 3, intermediate of the reaction, is in situ reduced to chromanol 2 because the reduction of 3 is faster than that of 1 due to double bond conjugation in the latter. Reduction of 1 to 2 exhibits high stereoselectivity and the cis-structure of chromanols 2 is evident from the coupling constants. In the 1 H NMR spectra, the axial H-3 proton manifests itself at δ 2.03-2.10 as a doublet of triplets or a doublet of doublets of doublets with the geminal constant 2 J = 12.8-13.4 Hz and the vicinal constants 3 J H3,H2 = 9.9-12.1 Hz and 3 J H3,H4 = 8.9-10.8 Hz, which indicate the axial arrangement of the H-2 and H-4 atoms. Therefore, chromanols 2 in CDCl 3 are in the half-chair conformation with cis-diequatorial arrangement of the substituents. Initial attack at the carbonyl group of 3 by sodium borohydride might be expected to occur from the side opposite to the R F group leading to the cis-2. Note that reduction of flavones and chromones with NaBH 4 /NiCl 2 in methanol also yields cis-flavan-4-ols and cis-chroman-4-ols.
14 Selective reduction of the double bond in chromone 1a can be achieved by using of diisobutylaluminium hydride (1 equiv.) in THF-toluene solution at -78 o C. In this case, chroman-4-one 3a was obtained as a sole product in 56% yield. This is not surprising since reduction of isoflavones to isoflavan-4-ones under the same reaction conditions has been described previously. 16 In addition, homoisoflavones has been converted into homoisoflavanones by subjecting to catalytic hydrogenation. 17 The oxidation of chromanols 2a,b to chromanones 3a,b in 74-79% yields was performed with chromic acid (from sodium dichromate and sulfuric acid) in ethyl ether. 18 Dehydration of chromanol 2a was effected by a trace of p-toluene sulfonic acid in boiling benzene for 5 h and subsequent distillation of the reaction mixture gave 2-(trifluoromethyl)-2H-chromene 4 in 70% yield, which was sensitive to oxygen of air. Surprisingly, as in the case of 2-(trifluoromethyl)chroman-4-one 3a, whose isolation and characterization had not been reported prior to our work, 12 none of these simple compounds was recorded in the literature. We regarded these compounds as desirable targets because of their relationship to naturally occurring benzopyran derivatives and usefulness as R F -containing building blocks for the preparation of more complex partially fluorinated heterocycles. Application of the Ritter reaction conditions to 2-(polyfluoroalkyl)chroman-4-ols 2a-c gave the new compounds 4-acylamino-2-(polyfluoroalkyl)chromans 5a-f. This reaction proceeded smoothly for all substrates and analytically pure products can be isolated by simple filtration in excellent yields (ca. 95%). The Ritter reaction was stereoselective and chromans 5a-f were obtained as mixtures of trans-and cis-isomers (trans/cis = 84/16 -94/6) without the formation of any side products. The determination of the isomers ratio can easily be performed by 1 H and
19
F NMR spectroscopic analysis. The hydrolysis of 5a (trans/cis = 92/8) as a representative example with concentrated hydrochloric acid led to the pure trans-4-amino-2-(trifluoromethyl)chroman hydrochloride 6, which was converted into trans-4-benzamido-2-(trifluoromethyl)chroman 5f under the action of sodium hydroxide and benzoyl chloride (Scheme 2).
equatorial-4-axial arrangement for the 2 and 4 substituents in the major (trans) isomer and a diequatorial arrangement in the minor (cis) isomer. Thus, in this series of chromans, cis-isomer is destabilized by repulsion between the 4-equatorial acylamino group and the peri-hydrogen. In the 19 F NMR spectra of 5a,d-f, the CF 3 group of trans-and cis-isomers manifests itself as a doublet at 85.2-85.6 and 84.3-84.7 ppm with 3 J F,H = 6.6-6.7 and 6.4-6.5 Hz, respectively. 
Scheme 2. Synthesis of 4-acylamino-2-(polyfluoroalkyl)chromans 5a-f.
This reaction is a simple and effective method for the preparation of protected 4-amino-2-(polyfluoroalkyl)chromans 5. It should be noted that 4-amino-2,2-dimethyl-6-halogenochromans (non-fluorinated analogues of 5) are the key intermediates of the synthetic process, giving, in the last step, access to compounds structurally related to the potassium channel opener cromakalim.
19 These 2,2-dimethylchromans are much more selective for insulin-secreting cells over vascular tissue than the reference molecule, cromakalim. 163 mol) were placed in a round-bottom flask fitted with a stirrer, dropping funnel, and a condenser. The chromic acid solution, prepared from sodium dichromate dihydrate (24.4 g, 0.082 mol) and 20.0 ml of concentrated sulfuric acid diluted to 120 ml, was added drop-wise to the stirred solution over 1 h, maintaining the temperature at 5-10 o C. The reaction mixture was stirred for 4 h at room temperature and allowed to stand overnight. Then the upper ether layer was separated, and the aqueous phase extracted with ether (25 ml). The combined extracts were washed with a 5% solution of sodium carbonate (2 х 50 ml), then water (50 ml), dried over anhydrous calcium chloride, and concentrated to afford the chromanone 3а as colorless crystals, 27.8 g (yield 79%), crystallized from hexane, mp 85-86 °C (ref. 2-(Trifluoromethyl)chroman-4-one (3а) from chromone 1а. To a solution of the chromone 1a (1.5 g, 7.0 mmol) in dry tetrahydrofuran (30 ml), a solution of DIBAL in toluene (7.5 mmol) was added at -78 о С under a nitrogen atmosphere. After 3 h, the mixture was quenched with water (5 ml) and allowed to warm to room temperature. After the addition of KOH (3 g in 5 ml of water) and ether (30 ml), the organic phase was separated, and the aqueous phase extracted with ether (10 ml). The combined extracts were washed with saturated sodium chloride, dried, and evaporated to give chromanone 3а as colorless crystals, 850 mg (yield 56%), mp 85-86 о С.
2-(Difluoromethyl)chroman-4-one (3b).
This compound was prepared from chromanol 2b analogously to 3a; yield 74% (5.9 g from 8.0 g chromanol 2b), colorless crystals, mp 57-58 °C (heptane-ethyl ether 
